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tl3kt« «X)^.ri«ferkt ant2.io«t p (•«halau(i t9e 
dtffueiofi '»oiiPt4infet oJ’ wtelP et tw»»t »tuy«Mi mil Mlow 
npltlott point* h;f %m ftpg4v«*tKm fore# ti9lsm 
ot 160»000»000 tiapp M mo<i*l9x^tl(x\ ot gravity 
« ppgnptiposopportod aiifiiietldo^rivwn ttl%rtto«7>trxrki#p« 

7hr«« «u*p«C8i¥t of ilXvor i»l«otro«d6poPlM 

upon urn c^^linOcrlcal surfMO of a 0»C6 o* dlaaePor rtooi 

5 

rotor, Tl» li'Miar l#^«r x 10 <» tJsiej*} ack^ Um 

outor l&jor (1»J6 s 10* oa tMoa) oowPictod of 

iPllv«r» «tiil« mlOdlp iM^mr x lu am thU:*.s 

liO 

sliv*r anrloi^ iritA tno sti4loS<»otope , vi* 
rotor «M puPw'P’xiOpO and eptsn in an oiippwr, 

iio 

Y)a* radial aop«»ent of t4'io M aat«r«inad nount« 

Uie teta partioloa aaargi^ tftr^se^i tiaa fieriptitrsr of 
tm rotor hy a sslntlliatlon or^«t&i« a<^ 

puls* jbsif^nt anal^xer <ilr«tilt a» a fmiatlon of tia*. %j» 
rasulta Biy&y* tlu^t tii« a«H«4iffuslon co^’xitant for eilvar 
at d*g;r®ea cenU,£rad* is apjproxJL«at*ljr 5 to 

T * ©o^/aecu ttaas* are also oi v&lm for 

ti-m datemiaa i ton of Um s^o^wmi** of du fusion* ra* 
suits of U4S easporleaant indioat* U»st Um me^9nliu& ot 

on in silver is Urn vacanoi exc.iar^ is**isaui*a» 
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IKTHODUC^XOa 



result# of rc«#»rch In tiie fteia of ^tffu#lon 
of iolia aiaterltl#, beside# glelni; » better Inslifiit to the 
behevlor of solid neteriele, lend ttieatelve# to stanj- eppli- 
oations in the field of s»tall«rgy. Several wetallurgleal 
procestee which Involve dlff^eion aret carburlalng;^ in 
which carbon diffuses into steeli nltrldlngj Manufacturing 
of bliBstalllc stripe which depend upon the adhesion result* 
Ing froM the interdlf fusion of the two netals az%d the rate of 
age hardenli^ end transfometlon of iBetals* relying Bore 
on purely eelentlflc woz^ji Metallurgy la becoming less of 
an art aisc mavm of a science* Xt tmt therefore felt that 
eoMe additional work toimrd the better underatandir^; of tht 
dlffuslcm MtchanleM of Metale co^ild provide a worl^tdille 
ccntributlon to physics. Tim refM»arch results and dlffus* 
ion tiaiory based on them could also be applied to the field 
of Metallurgy . 

Because the tlMt required for the diffusion of 
atoMS tl«rough a certain dlatanoe increases as the tempera* 
ture of the Material is lowered fr<»i its aeltlng pointy the 
dlffuei<m constants of Metals at tes^ratures well below 
their aeltlng points are very difficult to obtain. A 
Method for increasing trie rate of diffueion at these ioisir 
ienperatures is by applying large directional forces. Tim 
ultracentrifuge techniques of applying extrsMely high 
dlreotiocel forces to very thm fllae without the usual 
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«tt«n<iant twisting «o»ent« sruJ fcrc* conc«ntretlor»s, develop* 
•d by DVm J.tf* mftkes posslbl* th« study of ths dlftus* 

ion props rtlss of i»tsla st tsi^rstures far IjsIom thslr 
nsltlng point* 

The detection of dlffiaHon Is ftceoe^listsed hjr either 
of two ooiMon procedures# the **dlrect" or the “indirect” 
mtho&. The “direct” rethod consists of placing two sub- 
stances In contact and nelntalnlng thee at an eleeated 
tenperatuz^. This teehnlque requlses a long period of 
tlee at an elevated teeperature to allow a aoasureable 
aeount of dlffusKwi to take place* The specliften lo 
sectlonallsed# and the diffualon deterained by oiieelcai 
analysis of successive sections* 

In the “indirect” eetitxod# a radioactive isotope is 
used for one of tin specleens* Concentration of this 
eeterial In the eecend specliien Is deteradned by detec- 
tion of the radioactivity. This eethod was first employed 
by von Bevttsy# Selth# aed K,ell#^ who used an alplia eelttlng 
lead laotope# Tiierlue B, to detemine tha aeXf-dlffualon 
of lead In a lead single crystal, as diffusion pai^cgs^ssed 
the Chang© in tti© rate of radioactive eeission was used 
ss an Indication of tits change In relative displaceeents 
of ths atoes* 

A combination of tiis application of centrifugal 
forces ranging to TOO# 000 tlass the acceleration of giwity 
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nn4 th« ’'indirect'' dlffunion mtivoa pT9^ 

bma us*d In this Imbourntwy iror pr^lJilnfirjr 
Inftttigation* of tl»* ••if«<Utfu«ioifi rmf of 
Tho rotmXt* indl««W<3 that Mora anllghtanlne Infomatlon 
aonoarnli^ ti^a baaio propartlaa InvoXiwa «foul<i b# obtain- 
If MMoh graatar foreat Mart appliad, AaoardingX;^^ 
thif Invattltatlon %iaa ac»t4uelMin& usins tha ’^in^iraet’* 
dataetion aathoO in oon4uaotlcm wlti^ eantrlfui^iljr 
appllad faaxa fields ransinc to 160,000^,000 tim» tha 
aaoaiamtion of gravit;^* 



COJCS-XMa^'flOlSS Ol' 3&|ff I0ICS8 



ihraa poaalhXa aiiipXa naohaniaieM fop tlia diffuaion 
of tha atowa of ona Matal« through a aiataiXla 99XiO, U, 
arai 

X) X'tm A ato«a negr IndivlduaiXjr diffusa t^ir«Hiiih 

tha intaratiaaa of tha aoXid# Bj 

' 2> Tha A atoiss imy aacohanca i?oaltion alth tha 

B atoaa within tha Xattlcaj uM 

3) T^ia A atcMa my mm Into ad4aoant wacant 

poaltions in tha lattlo*^®^ aoiid, h. 

In tha eaaa of tha firat muttrnntwm, tha aotivation 

anapgjp rat^ulrad to aova an atoa Incraasaa graatijr as tha 

alsa of tha intaratiaial aitaa la Oiainiahad* Tiwiea aitaa 
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art Much tiMlXei* than tha ato«ie else Tor Metaltt foming 
•ubttltutional Kllo;yt and tu^ierarora on* «xp«at Hhfi% 

onljr witaXa ronalng intora tidal aXlo^a mmld Iimd than** 
aaXvat to thla t^po of naoiukdon, 

Th# aotlvatlon anargy i*#cii4lrtd for U» aaoond 
Mtahanlan aiiould ba of tba aana ordor of nagnituda o« tha 
aohaaiva anargy hecaii«a, dui'lng tha axohatijga of poaitioua, 
tha two Ihtarohanglng atoati would ba foroad oloaar to*» 
gathar by t)ia attrroturi^lirvg atona of Uta lattloa* ITht likali«> 
)MOd of tl-ilE naohfti'iian balnc raapooalbla for dif fuaion la 
rathar low cot^ldaring tha voluaa of tha aotlvation anargy 
obtalnad froai nunemue data, (thla hat baan ooapllad by 
Salt*,^) 

Tha third Machanla» f&r dlffualoci aaaunaa that 
vacant altas* hariaftar caliad va&&ndaa« exist in the 
lattice of the naterial thereby creating a certain aaount 
of diaordar, Theox*atlcal work in thamodynanlca indicataa 
that tha deordar inti*o4ucao by tha vccanciaa in the lattice 
•truotura would raault in an incraaat of entropy • 

Although aubatiiutionaX alloya are not axpeeted to 
diXfuaa by ti^ firat aiachanian^ tha problan of detamining 

idilch of tha other two aiachanla»a la rcaponalbla for their 

6 

dlffuaion la atill pi^aeent, in fact« Zef^ar iwna propaaed a 
conbination of Mschaniattc, in «fhich coc^lax ^onatrleal 
pattama of the Motion of tha atoMC give riaa to 4ifAs0io*u 



But r#gfix*dA«s« of ta« invoXvtd, th* r«l«ttv» 

displAceia^nt of th« ato%«« A and B» mx»% b« known to 
dotomlne Uv$ r«to of dlffualon, A olaaolo of 

dotomlning th* r«t« of aUTuolon bj atasurins turn ro* 
lativo diaplaooaont w&e accoapllahod bji> Baigolakaa and 
KixIcondaXl.^ Hel^bdonuw wlros wore eaUoddod «t tno Intor- 
f«e« b« tween copper ar.d elpne brace. After aeintolnlnjs 
tne epeolflttn at a high temperature for a long period of 
tl«t« Uie «ol;irbd«nugi wirec were found to luive moved into 
the brasa. Inveatigationa of other face«>oentered cubic 
■etaX pairs I'ovtaXed tiie eajis effect, ftiie ie oonaldered 
an indication that neither the direct exichange eeahanien 
nor the Eener theor^r are the chief proceeses of dlffueion 
in theee neteXi. 

There ie a atrong ralationahip betwien t»Mpex*atui'e 
and the diffusion rate in both grain bour^dat^ and lattice 
diffusion. This dependenc^r is expressed hs a relatl$m 

Gl 

of the form« D S Const, e” '?r where B is the gas con* 
stantj 7, the absolute teeperature; afKl ti^ie activation 
%mrgs which afust be supplied before an atom iwa^ sK>ve 
from one position to another. represented b^ 

X) Is called the diffusion constant. 

u 

It was shown by Johnson that Uie self diffusion 
constant for silver differed for grain boundary and lattice 
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diffusion* This is In s^rttsiMat with tns %ltMor]r of 

q 

Chsliasrs*^ bassd upon fch© bsi^tavlor of vmr-j pure tin in 
ths Ylcinlt^ of Its wilting point. Ills results Imlicstsd 
tlist the melting point of tne materiel in tlui grsin 
boundaries ms sligtitly. lower tlisn tiuit of the bulk 
nsterisl, i^ro« these results it m& eonaluded t^i^t the 
trsnaition la^^er of stoiss in the grain boundaries ms 
thermodjrn&Mlcall;^ less stable tbJBin the Interior atoms 
of the grains, Thle agreed with the prertous remarks 
coneemlng lacreaeet of entropy with hlgt»r vacsnqy 
concentration. 

The eontt&nt term in the expreselon previously 
given for tilie diffusion constant dependi upon tii:ie metal 
and varies very slowly with temperature. The values 
for the ectivatlon energy as well os for tills constant 
are found by fitting cui^ea to experimental data. 

Several investigations have been undertsken to 

determine the self -diffusion constant® for silver by 

electrodeposltlng a radioactive silver layer on the 

10 

surface of regular silver, Hoffman arid Turnbull found 
that the grain boundary diffusion constant for silver 
into hl^ purity silver was independent of the grain size 
of the sjiecimens. They fountd values of the constant and 
the activation energy of 0,03 arid 20,200 

ealorles per mole respectively, at temperatiares ai*oiind 
four hundred degiVMis Centigrade, Johnson found values 



f *■ 



of 0.895 *na 45,950 Xa tJ« caso of lattl®* »<slf-»<31ffualoQ. 

XI 

i»ra r«c«nt work wltfe 8llv«r, Turnbull »w3 itoffman 

« 

found now valuot for gr«lR boaindarjr »«lf-.dlffu»icn of 
0.14 and 19,700. thmy «l»o datamlnad that tha dlffuaion 
rata along dla location plpat producad by aold woz'klng 
tha astarial «ay ba Idantifled with th# low eu^le grain 
boundary dlffuaion constant, ia indapandant of tha angla 
of alaorlaataiion for angles laaa Uian thirty dagraaa, arid 
ia aavaral orders of aai^nltuda graatar than tha lattice 
aalf-diffuaicn rata. 

In ordar to datar4^na tha dif fusion cemstant 
fro* tha obaarvad clionga In tha counting rata and tha 
alapsad tlae, it was naoesaary to datermlna tha conoantra* 
tion of the radiolaotoplc atc«e aa a function of tiiee 
and position! introduce the absorption coafficiantj and 
Intagr&t# this quantity ovar tha antire thlckirwis of Uia 

flllMI. 

The problaii was sttackad by assuaing that tiiua 
fllM conslfitad of a saa of grain boundariaa and that tha 
diffusion of tha sllvar radlolsotople atosia took plaaa 
by axchanglng positions with the vaeanclaa in the grain 
boundariaa. This allowad tha applies tl<wi of i^i«k*s Laws 
for dataradlrvlr«g tha cono antra tion, C, of a solute In a 
solvant in tanas of spaoa«>tisa coordinates. situation 
was raducad ta tha ona dlMMmsi<Mnal casa by tha use of a 
coXllsatlng slit wiiich liwitad tha ai’as of tha rotor 
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MOSS'S J Is tlw di££ual<tn currontf i>, tim (Urrusion sonstsntj 
sxKi Q, tixs Qoaoontratidr: or t'm rs41olsotops • 

Tlis roIIoMing sssui^ptions Msrs kmuSs to o!>t%ln 
s ssXutioo to ths sk^ovs squetion mou 14 most nsas'l^ 

dsplct tl^s sxperlasnt&I ccnditlor^is : 

X) AlX clirruslon took pXsce through tlie iprsln 
l^oiu^idorist as ths lattlcs difrusloh was nsgXXg- 
Ibis siRall. 

2) 'i*ht grain hoimdarisa totsd as vacancjr souross» 

3) Ths radlsifotops was svsnXy dlstrlbutsd at 

I 4 

tlms ssro tstwssn x squals 0«55 x IQ cm and 

•4 

X SQuaXs X.XO X 10 cm, 

4^) All of ths matsriaX that mlgratsd to ths Xrso 
outsr surXase (x squala 2,48 x X0“^ c».)* passed 
through the surfaos and rsmaXfuid there under tlM» 
lofloencs of tj:K» csntrirugaX flsXd, 

5 ) Ail of ths material that migrated to the intier 
a liver surf sc# in contact with tlis atssl rotor* 

(x equals xsro), would after a vsr? long period of 
time migrate to ths outer airface and remjiln thars 
under ths iJifXusnce of ths ashtrlfi*gaX fisld. 
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6) A uniform foroo ects in tnt poeitlvo 

X dlrootion* 

applying %tm aaouaptlona to tiio FloX ono« 

dlatnsloiuil oquatlono^ %3m following oquatlonx and oon* 
dltlona wtra obtalnadi 
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j ^ - r> ^ 



X - 4. V* /<?' ^ t>// t 

X = C* j-t>y •>// t 



whara -y la tha transport funotlon» D/r%T| and F is tha 
dlffaranaa In tha forca appllad to tha two axahanglRg 
partlolas« ">y%. ( / /) ^ .In tfea caaa of vacaiKijr 

diffusion* aqusla saro and F raduoaa to 
idiara m la tha aata of tha ailaar radiolsotopas ^ tha 
rotational aaloaltyi and r* tha radlue of the rotor. 

Aftar aolvlng thaaa aquations for tha conoantra* 
tioni Multiplying by tha factor* ^and intagratlng ovor 
tha antira thlcknaaa of tha ailvar filaa; tha following 
ajqpraislon for tha counting rata at any tlaa* t* waa 



obtalnad. 
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This •quntlon reduces tot 



X) tar t «qu«l« s«ro» 
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2} for « fcrco flold produced bjr * rotational 
milocltjr of 200«000 roYolutiotta por aoocnd^ 
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3} for a forea fitld producad bjr a rotational 
Yolooit; of 400*000 rovolution* par aacond* 
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For aoasmnaon ifith tba aboY# affaota* a ealoula«» 
tlon of %im aaxliiKUi chang;a in tiia counting rata waa neda 
hy conaldarlng onljr tharaal dlffualon. 'Hia calculatlcaie 
ahow that tba aaxliiun obaarvrble dianga In tha counting 
rata would Ihi aaXy ona half paraant «^n Q<mplaXM equlll*» 
brlun had baan raachad. 

Tha aathaaatlcal detalla of this tbaor^ ara glaan 



in Appandlx XI. 
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sxmixiKirrAL 

Tht rvdiicMietlv* Wohnlqu* for dotorslnlng 

of 

tht poiltionn^oorfealn ato«t tfithln « solid aatorlal appoar* 

•4 to fulfill tht raqulroaaatt nooossarjp for tti* <itt«r« 

liinatlon of tiM offoot of high oontrlfiigal fialda on tha 

diffusion rata of silaar. Xhia traaar taohniqua appaaxad 

aora daairahla than aithar tha aactlonallsation or 

ohaaloal analjraia taohnlquaa in that it allotiad auaotaaiva 

data to ha takan witiunit d«aiiiglng tha dux*ing tha 

pariod of tiiw tha foroaa wara appliad* fha alaetroda* 

poaition aathod for ohtalning tha daalrad filaa aaa 

aalaotad in prafaranoa to tha avaporation laathod aa 

filM producad aould hata battar adhaaion px>opartlaa and 

e 

at tha aaaa tlM this aathod ao^d pst»aant lass of/^ia- 
tiott haalth hatard* 

Slnoa tha inaaatigation ima to ba oarriad out 

ft 

in vary high oantrlfugal flald«» of tha ordar of 1*6 x 10 
tiiaaa tha aooalaratian of gravity, tha following pxopara« 
tion taohniqua waa davalopad to inaura good adhaalon of 
tht Slim to tho ataal rotor. ^ rotor waat 

1) taearaad in an aald claaning and atchlng solu- 
tion for flva ainutaa to thoroughly olaanta and 
lightly atoh tha eurfaaa of tha rotor, (this 
solution waa praparad by nixing ^ nl» of sulphuric 
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•oi4 iiTlth 8 nl. of MBtvr to i^loh ms 1.6 

«!• of h^Oroehlorle aeld and 33 >2. • of gl;yoarina)j 
2} iJMMirMd In a aa turn tad nquaoua aodlun cor- 
bonata solution to nautrallsa tiia acid; 

3) rlnaed with dlatillad tie tar and allowed to 
air Cvy$ 

h) alaotroplatad for thlrt; aaconda at 0*75 **« 

12 

in a silirar atrlka aoXutlOfn to elva a var? 
flna lajrar of ailvar with aaeallant adl»t«ion {»ropar* 
tlaa (thla apluticNn waa praparad by diaaolvlns 
^32«5 as* of ailvar c^anida and 22*0 graiai of 
aodltai c^anlda in 500 al* of dlatlllad watar); 

5) alaotropl&tad for thirty aaoonda at 0<*lfi aa« 

In a ailvar eyml6m aolutioia^^ (thla aol^itlon waa 
praparad by dleaolvlns of ailvar c^'anlda^ 

20*5 eraaa of potaasiua a^anlda^ and 22*5 graiaa 

of potaJialun carbonata in 500 ad. of water); 

6) alactropXatad for thlrtijr taoondt at 0^15 aia« 

In a ailvar eyanlda aolutlon anrlehad with tba 
ailvar radialaotopa 110 (thia volution waa praparad 
by dlaaolvins 155 nm* ot ailvar ayanjA# ahioh oon« 
tainad 66 «s* of tha radiolaotoplo ailvar* 170 mg. 
of potaaaiuuB cyanida* and 186 ns* of potaaalua oar* 
honata in t.2 id* of watar); and 
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7) toe Mten^a et 

0«13 nio in ■ilY«7 aolutlon <iktscrib«d 

In abov«* 

Tjmt thloknaea ot th» £llm h&» Oatarmtnr^ rron tb» 
follONlne •quatlon <3trlv«<l tvm. FarAaa^*! Laws 

- 7 -^ ^ 

' ‘ /ooo A 

whara T is the tMaknaaa of tlia f 11m in eantiiwtarsj 
tlM Molaoular tiaight of ailvar; «« tn« ouvxant In mllll* 
•iQ»arasi «na Faraday oonatantj ^ tn* Oanaity of 
ailvari A* ana oraa to ba plal^j and t# tlia platlni^ tina 
in aaoonda* tha currant danait^ was aalntalnad eonatant 
at 17*2 Ma«/oH for all quantitatlva plating* 'fha varioua 
layar thloknaceaa mtm obtalnad bjr varying tna plating tlna. 

thioknaaa of tha layar ebtainad froa tha atrika aolu* 
tion could not ba aaloulatad froa tha abova fomula aa a 
result of tna axtranaXy high eyanlda concantration, but 
was dataralntd gravisiatrically to ba of tha order of 10*^ 

#»• This proYidad an axtraasly thin, highly adhaaiva 
bond for tha aubaaquantly appllad thiokar fllM* Tha thick* 
naaa of tha first filn of ordinary silvar and tha filn 
anrlehad with tha ailvar radioiaotopa was x 10*^ es« 
and tha t^iicknasa of tha outar filn, or overlay, was 
1«3@ X 10*^ on* l^oroaeepie exanlnation revealed that tha 
filns prepared in the above nsnner ware polyorystalline 
with a grain else considerably less than one nlcron* 
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7ii« •nvjrejr of %tm r«jr omminoitm 

from tiho plated votov war* obtmlnad bjr Meant of a 
•olntlllation ex^»%aX« enersy dlacrliilnatior and count* 
log dteitie^ detcrllMid under ”De«orlpti^ of Apparatue.* 

A topical energsf apectruM la niwm in H'lgure !• Since 
silver 110 eMlte beta ra^s of both and Q*087 ^Iev«|i 

It wet neoetaar^ to eatabllah imlch enerci’ beta ra^e 

• * 

were being observed* An energur apectrun of Cealue 13? 
which ealta a alrigl* beta ray ef C*|^X i^iev* waa taken* 

The huep of tlie CeaiuM apeotruo was feund to lie at about 
the caee energy range aa that of the silver apeetra^ 
eatabliahlng tliat obaenrea beta ra>i fro» the silver 
easKiaeloni were tlia 0*^3 Ntv beta ra;|s* 

It was noted that b;; varyi*ag the thiskntss of the 
overlajr tlui counting rate at each level waa altered 

In such a Maiuter aa to result In a vertical diaplaceaent 
of the curve* Ifo shift of the omrfss s^cige of tiwi b&Mp 
In the cuinF# Wm# detected* 'flierefoaee, the change ijn the 
counting rate in an energy band which Included this huep 
waa selected aa the pareneter for deterwinlng the noveasmt 
of the radioactive atOMS* This band ranged between two 
energy levels at which the counting rates ware approxiMStely 
equal and the al^s of the curves were appxmi»ately equal 
and of opposite sign* Eeferrlng to Figure X, this band 
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from 10^0 to 17*0 volts (polt« height enelfter 
Mtttfige). 

To obtetn ao ebeorptloci eoeffioient which, would 
eocount for experlwiniftl corsditlona auth as eclntllletlo«i 
eT 3 »»t«l geocitti?^ ewfacea obtatne^ by the plating 
techm< 2 ue«« «i>di othars, eight rotors itere plated with 
the redloleetope • The oyaaber of couiitt In tl>e energy 
bend deeertbed above w»« totuled dnrii^ e eijt etaute 
period for eaoh rotor. The rotor* were then plated with 
variiHie thiokxteeaee of omrley and the nweber ef oounte 
In the band of eaeh re tor were again totalled doring a 
ala ttlnute perlo<l. A control rotor, eontjati*^ of a 
rotor plated with a thick leirer of the radiotaotope and 
covered with a very thin coating of polyatyrene, ma 
c<^ted each tlaw a teat rotor wae counted. The decay of 
tivi a liver redlolfotc^ and the drift in the counting 
•Mmt were coig^ensated for by adjusting the nuiEber of coimta 
of the teat rotor at any tljac by the rati© of l^e actual 
nuRber of count* of the control rotor at that tine to ita 
value at the tlee of the initial counting of the teat 
rotco*. The data la tabulated in table I. The apectrua of 
eaeh rotor mw checked again and no lateral ahlft of the 
energy huap waa aacertatncble. in average abfos^tlon co« 
efficient of %.57 x raciprooal centleetera was obtained 
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Trom thi« ns llluiUirat#** in App»nilix .IX, 

iSm of tiMi ret®2?t wwiJcp VAjMoi« con- 
ditions w«m clstsminsd b^r it«sni$ or stioks, 7Ms 

Metiirlal« Hhiah S» of a powdsrs^ polyor^ystallliie fora 
idisn api>Xlsd to tlM» i*oto?, moltf at e partlowlor t«ai|>or«- 
tusm snd b««onis « dosp-oolorsd movphoua mss, iX)» 
stiskf wort fiSltbratad tn v«ont» bjp ®o»ps?iso» 

with s tanjperftturo lndl««tlcc. 0fct35^1»»4 fwja so iron- 
oonstimtsn thsswooowpls *n<2 Kwbieon potsntl«»!>t«r, Xbt 
rotor KSi hsattd hy radiation from a tongs tsn coll loostod 
lA tho vacooA s^itOA, Tl»i latltli^ point of tn* sticks In 
th« yaouwm war fcMind to »gr«s vary oicsaly with tbalr 
rstod mslting point In alr« rotors wars than strkad 
with tht sticks^ auppartod by a saall flbsr In tiM tast 
chtiib*r« iuhkI sub^totol to rarlous flslds him} oandltlona, 
the data It tabalatsd in Xabls XI. It was found that tha 
tmximm ttatpsratura attained by tha rotor was about 72 
dagrtes oantlgrsda. ApproxiMtaly tan dasraas of this 
tamparatura r!aa rwauXtad froo tha radiation of tha apfiad 
dataotlon light aouriiO. 

SavaraX taitt ware nada with rotors« pXatod aa 
outXlnad In tha paapartitlcsn parograph abo^rt, iso Id at a 
constant ta«i;iaraturt of savanty-two dagraas cantlgrede in 
an ovan« Xha rotors wert oountad at various intarvaXs 
durltbS tha savanty two hour parlod of tha runs* 
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T«ft« using tlw oorvtrifuge neri in tlv> 

fallowing »tnn#r* Tm Ui% rotor w* 35»Ut«4 with th# 
v&riouji ill**# tU< na^to#r of counts in tho n#lccto<i 
•nergy b*nd wae totaled for e period of tia«, and th« 
rotor wee tl:»n plwed in tlj« oontriftic«» The control 
rotor MM then counted, tent rot«c me ecoelere&ted 
to the denired epe«d« At eppx’oprlete tiiae Intervale 
tlie rotoi” war dee«lereted« renoved trtm the eonti’^lTij^e^ 
end itt eneiis^ hand count totalled, 'ihc erjergs t'»nd 
count of th« control rotor i«it tlJto totelled et this 
tliWo The test rotor me pieced in the centrifuge 
egain and accelerated to the desired apesd, After ad'* 
justing the nuaiher of counte of the test rotiK:'^ a» dia« 
eueead abovo^ titm ratio of ite aeijeusted rm£:^r of o«:Ktnta 
to Ite initjUtl mueber of cousita ukui eoHsrated, 

Testa wei'e conducted uoiig rotational volccitlea 
of two Inmdred thousand end four hundred thoueeu^d revclu- 
tU>n8 per eecetal, ^v» data are tabulated Di Table# ill 
and r/, and ehown in I'igurea S and i« The effecte of the 
verging force fields applied during tisi acceleration and 
deceleration periods were cosiipeaeated for b^* ooeputing 
an effective tiiee that the rotor m» at the d«Hils^ 3>ieeci« 
This is Illustrated Ui Appendix XX* 
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Tim appar^stuQ umkI In U%Sjt ixmmtijgatxmi c&n fcMt: 
msbdiirlc^ into tiir««s p£^rt«s 

X« th« platir^ app<KS%tus for oitctrodopoititltig 
tht sllvor filM on rotoi^s. 

2* *XSm uitsro««ntrifuip» «jnd rol4&t«d eq^uipMiint 
usmC to s^pX^ oentriru|£oX foro^e cn th« 

tost ro'tor«St snd 

3* 'fbs oppcLTAtus U3od to (dMitsct end coijuit ti^ao 
ro^aostivs ^smlftmn froes tft»o t«at i£*otoro. 



Fitting Apsoratu s 

A imtor botln ikopt «t oonstijs^ teaporaturo e 
•••raury tiieruoswltch contrclX«a nichrowt hsctifjg sltfsaent 
i»si!it«in»d laso plstlrig ®ol«tion at tbs prq?«r plating 
to«^r£tur»« tvmmwsFk £K»141ng the plating solution 
tMtaksr in the te'S^raturo bath deigned to sllo^ar 
rapid rsmcval of ths bssbsr and iusortics) of the rsdio* 
eotivs plating aolution contain«tr« 

The nulloautiva plating solution ass tnaloaad in 
a thloiv brass oontalnsr to Xessan tha saount of lediao* 
tion •xpo.surs to tna ajcpariiBtottr. A platimisi anod* aao 
awployad to raducs to a ainimus any vsrlaticna in the ratio 
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or r*dlQ«ctlve ncmiv-.eioactiv# «llv«r conotntra- 

tioji* in tim aolutlon, A tlc;ht fitting brain «ap on «ie 
solution eoiitftlner k*pt «vaj>oratl«Ki of th« iolution to • 
mlnlxiuB (iurlrig stortigio 

cintrifugo 

A Migriitio wnxMimnstmit wagiiitio ctriviti ultri«- 
iontriAigi viiM ftno oonftrueti4 to euppox^t ansi 

spin vtry inmi»1X votij(t.*u with i^totlonuX v*looltl#ii in 
•xciss of 01 « iRillion Fivolutioni par F*oon(i, Flg^sirt 4 
shown «n ovnrull view of thn isntrifuge and rilitid tqulp* 
Mrht* PigUTit «nO 6 iiiow ioitis&tii ei>diii*iMiotloni of 
Xim ointrifugi propor. 

Til* support Sjritiiki oon»l»t*d of a I«rg« ii*on 
oom eolinold iKmntid obovn th» rotor to supply tho 
support flild, and a T«rjr ttealX sanaing coil also nountid 
abovi, tut vtrjf clot# to» tho rotor to Oitoct chan£«# in 
tho vortloal poaitlon of th* rotor. ^16 itnalng coil ms 
a ooifgiiontnt of tht grid tank ilreult of a tumid«grid« 
tunad-piati otciilator^ tna output of id^ch oontrollad tht 
curront flowing through tha tuppcrt solanold. Tha arnmitis, 
coil oonalatad of ona hundrad thirty turns of flftoan tan 
tiniaisaauthi inah anaaslad ooppar «rira with an ins Ida 
diaaatar of ona thirty-saoond inch and sn cutslda dlasatar 
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el* threo«»lxt«e»th# Imsh. Aft th* totoi* chMigttC ttP 
vertical p<»itlon» th* tfttvj* o.t tha gx*l« tan^ coll 
i«aa dftttinin 2 tb» o»c Ilia top* r« jfultad in 

an oiiclllator output ilgnal wiiicsn v?&ft « function of 
rotor’s vertical paaitlon* ^ha a«pllti«4^ signal 
was fa<l through a phase shift nttwork to alniaisa over* 
shoot anO to InciMiraaa vertical etahllltj, support 
clrouit 1« ehoi«? In Fig:ira 7* Flgurs«» 8 and 9 show the 
power supplies used witli the suppoi*t oircuit* 

Horisontal osolHfttiohS aora supprassad a 
oonhlnatlon of two procedures* The first 
see to position the rotor aonott}trlc«ll;y with the sens** 

Ing oolX and ths iemgiistle support field* This was 
aooMplifthed hj ehaaglng the position of the sovabXe iron 
eore in the support solenoid* This adjusteent waa very 
critical* The aecoiul procedure was to place a very fin# 
wire daafping needle iMSftrted ih light oil under the rotor 
el)aaa>er as shouts in leisure 3* It was later diacovered 
tlxat a long thin x*od of soft lron» substituted under tiie 
ahMa)er for the wit^e daxijper* shaped the aegrwitio support 
field suffielentlf to provide excellent d#Bg»lx^ propes^tlea* 
The drive elroutt consisted of a Hartley oaolllator 
operating; at a fiited frequenoy of 1.3 eegacyoles *dilch 
fed a signal Into a phase splitting network* The two 
signals « ninety degrtts out of i^se« were aeplified and 




•• ^1^ t ’»•• • fKmu% t mn% ft iMAt u «i jiMi 



«p» •«< .lyft' fimip m mk O^ km 

«A»»pI9 H >jAM#WU^ 

ifeHM* i9f9 w 

^ •»* . 0yw#<i«« 4 j 4 «a 

tMm ^iuif » «W IP %m Mat 




21 



appll«<2 to two or ctrlvo coils. The four coils were 
{K>sltlcoe<!i lywfttrlcslly cimws. the cjacubcr^ colls 
were wjn:nO In conical steppe to provlOc tht laixliitt* 
msB^r or &in|)«re«>tvimt st s icliidjmMR Slstcncc i’ro« the 
rotor Slid csclt set w»i toiwrd to iwcjcliium rcsotiftncc 
adjusting psritllcl comicctcd trinner eapecltovs# Ti^ic 
oiiount of s««clt.ratt<a5 w»f coatrolltd bp vseplng ttic 
catfecd* level of %\m pomr cnplifler** Hit Ind-ucod 
eddy cimxtnts in tis* x*otoe f^o* torn »»ot«tin$ otsnttlc 
field csvsed the rotor to tfetltrst*. #»««#ltriitlons of 
thirty theusfurid rtvclutlonac per second per mlnuto «»tr* 
net unceacon end e velocity of one mtllton .fortj-flve 
thoticend rcvolutlotis per stcoxwl wee ettelned totoro %m 
rotor ejurploced. The. circuit dicurcw for tat drive c,ir«f 
cult Is shown in figure 10. A conventional 300 volt o.C. 
regulated power irupply with tn of %00 iwillieepeies 

ot orse percent regiU-atlon was u»eu for the drive circuit. 
Its osreuit is. si'jown in Figure 11. 

^ speed detezieinstlim ef these $mXi. rotort 
rotetlng st veify high velocities presented e challenging; 
prohlea. Hiis wee oveiHsCMe by focusing ligl'xt ft'ois s 
D.C. source on the surf see of tii# swtor torougii the 0 |>e*i 
core of cue of the drive colls, ifhe reflected light mo 
gathered and tzeumferred to s photoaultipller Habe by o 
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UMit* Xl«ht TMA cut <Sown the bJiolcgrounijk 

l«v«X of Um pitotoMltipllor diuo to otr«:ir Xl^ht* Ono 
holf of tt30 rotor eurfoco m« 9 tbon 4«r]corto<S nrltii ZMIib. 

Ink to provi^ • gro«tor oMngo in intoniitjf of Xiii^ikt 
rofXoeto^ to tijo i;»botoMiU.tlpll«r a« ttm rotor roirolvod* 

Thi output of tim tut* m* timn t*at tig&imt n tin* 
iMvt output froci ft SJftwXlftt-^okftiKS ^0^ tftftt OtoiXlfttor 
on *n oftcUlosoopt. Bar notisc thft rftftultmc Littftjout 
pftttftm« thft ftpftftO «»9 dttftneinftd, fiift t« 9 t oaolllfttor 
Mftt ftftlibnttftd ftsftindt tht fttanOftf^S frtqutnclftt of 

A vftouua tjrttftia conolttln^ of a 

McOftnlcftl fort poa^« n Ori'or containing pbotphoroot 
pftntO3d.0ft cr:rtt«la» an oil diffuftlon puaip and a fora 

praaaura tbara^oupla gauga naa ut#d to attain vaftuuM 

«6 

of tna orOar of XQ s»« of aarouc^o "Zim a^ataa incosporatad 
a nigh taowan atop cook# gseomA glaat ioint# and an air« 
pradr^ing inlat a^ataa ahlch aliouad rataoval and saplaca* 
laant of tha rotor altb ttlniauaB iota of tint for tna puapa 
to raaatabiitb ttia oparating vaeuttB latal. 

Tha ona half siXlissitar diaaatar rotcum utad in 
thia axpariaant Mtra «ada b$ poliahing 0.020 inch piano 
aira to a dlaaatar of O.OlpT iaoh or 0.3 an.# than cutting 
off langtha approxiaataljr ona aillilMitar long# inaartnig 
than in a pradrUlad ^in ataal plat# and gra^rding both 
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9 t ttm rotor» atind pl«t« to a l^eknasa at 
0«0168 Ttiaaa dlatnaiana provldod a eonXi^Euration 

or tha rotor t^t inmi vary atatXa aaiia apinnlnf • flao 
raters waxa tiwm punetiad troa tm plats stian daairad 
for U8s« 



Bata ftaa? Cowntieii Eguiiiaitat 

tilt l»ata ray oeuntlng apparatus* atioim in Flgura 
12 and aabaaatieaHy in Fistira 13* aonsiatad of tua 
follewlnes 

1» a paAaatal for poaltioaing tha rotor* a 
atiltaoe aaintillation aryttal and a p^oto* 
Multipllar tuba I 
£• a linaar anpllfiari 
3* a pulaa hai£ht analysari 
a aoalari and 
3* a tlMir. 

rotor was pooitionad at tl^ aaaa plaea in 
fjNxit of tha atilbana oryatal aaen tiaa it mm aauntad 
by plaoifiiB it on a vorjr snaH diaaatar padaatal. It 
teat found to ba ainoat ii^^aibld to position tha rotor 
ao that tha Idantioal surf tea arts of tha rotar mm pra* 
Mntad at tha aaaa angla to tha oryetal aurfoaa* Thara* 
fora* tha padaatal was rotatad by a ooa Bflt notor idiiah 
opaaratad autosatiaally shan tha *eouat" aaitoh on tha 
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ms tills nsesssitstsd ths us« of In* 

tsgrsX nui^rs of wliiwtos In tfeo oounting porlodo t« in- 
turo tlis z>otor m tumod thsrotigh oosn^Xoto roiolu* 
tloos, A sovon thirty *soc oncie inch Issd shiold ms 
iKiuntod botifson tho rotor ths stllbons cr^rstsl* a 
oolliMting slit eonsistins of s slse olf^ty OrlXl hole 
in Uw Xosa shloXd Xlmitsd tlio srot of ths tyXindor 
soon hy tl30 solntiXXotlon erystsX. 

A thin stiXbono orystsX mo soXoctoS for tho 

sslntlXXstlon oi^stal hocauso of its roXstivo insonsitlvo* 

nota to ssMMO rsdistlon snO its Xintar rooponso ohsrsetoi^* 

Ik 

latlos for oXootrons with onorglos atom XOO lelXovoXts* 

A thlQknoss of on* half MlXXlnotor was solootod to provlO# 
an osoopo poak for tho 0«33 oXoatront whlsh ham a 
rango of 0,66 m, in stlXhono* A thlrt^^flm itmnOroO 
thousandth of an Inoh aXualnusi folX muntod botwoon tho 
Xoad ahloXd and tho orystaX sorvod hotii to ahsorh 0*033 
Hov* of tho onorgy of tho hota vyt striking tho aristal«^^ 
and to rofXoet tho photons onlttod lit tho erystaX haak 
to tho photOMuXt^aior tuho* A potontlaX of X^OO 
was tuppXlod to a XJuUont 629 X photowuXtipXior tuho by a 
noon glow tuho roguXatod powtr supply* thla produaod loss 
nolso and bottor stahlXlty of tho dynodos than oould bo 
obtaSnod by oporatlni; tho tub# froit a battory pack* A 
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follow»r wm ut«d to M&t«h tho ij^podonco or ttM 
l^hotoBultlpUor tubo to tho oooxUl oabXo oarryins tlio 
tlsnalB to tho ilnoar Mplifior. 

Tbo llnoor aatplirioi* eonolitod or on oaipllflor 
•ootion sl«il«r to ttw afodoJi 20t 0 l^lntar AMpIirior, 
AtOMlo xnstruMtnt Co«s>«ny, «nd « 300 volt ttoblllsod 
powor tupply^ oopabl* or doXlvorlng X50 m«« a 50 «ubX« 
foot per mimt9 contrXfu§«X bXoMtr providod oir cireuXa* 
tion througli tho ohaaoia* A tliaraoatatlcaXXy oontroXXad 
baatlne aXtaant aiountad in tha alratroaR undar tiia ai^Xl* 
fiar aaotlon providad a oonatant tanpamtura of tha 
ajapXiriar oonpocianta, thavaby atabiXlsing tba aapXifiar 
sain* 

An Atoalo Xnatnaaant Coapany KodaX 5X0 puXaa 
balght aoaXysar waa uaad to aaXaot tha mmvtts ranta 
daaljrad* ^i>a nue^v of pnXaaa raoalvad froa tba analyzer 
aao raslatarad on an Atoaio inatmaant Coiapany HodaX 
X030A binary aoaXar* 

tba tlaa intarvaX ror tba eountlng parlod aaa 
datarainad by noting tba nuabor and tanthi of aaoonda 
raslstarad cm a fraaialon ^oiantiric Caapany "Tlaa It” 
tiaar* the tlaar opaiatad unanavar the ’'oomit” awltoh 
on the ■eaXar m» et^asad* 
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A MOT* dttcriptl«n of iAyt ai»ove aqulpMont 

•ntl ft <&iftottMlon of tim Otvolofuttit &d4 •Aiu9tmnt of 
thft ftCMapooontft has b««n siv«a bjr 

assum m> 

Tim r*»uitt of thl» invofttlcfttion «jp* twofol4! 
firsts «3 JMS-Cftfeloo a» to tiMi iisioi 3 «nl»iii 

volvodi In fttlvfti* s<tlf«>dlffuftlom ffOftoitiSj tho^ point 
out ft Mftthod for obtftlnins tho •ftlf-<ilffuftl<s«i eonftttntft 
•f Mfttftla ftt t»i^2^tti3?f« mix bftlow t*hftir aiftltiiig point#, 
^hft %tmemtle&X oaloulations irxSioatod tmt ttw 
w ft x ti M Mi chftisgft In tfeft sountlng p*t* t&r wltli no 

applied eentrlfus&l field! «hmld t# *i>out on# h»lf p^Vm 
oi«)t, ¥hift tread toward Isii^r oe^tijog s^te* wee wesked 
by the etatlfttieel error of 1,4 percent «M oon»e^ju«ntiy 
wftft not detected, 

0» the ottHcr head, the ©teereed counting sute fpr 
thoee potore idiich were tuh^cted to ui^ centpifogtl 
field# incpeftied trmk three to five jpercent, it ie #©»• 
eeivftble that ftuch ea tmmmm eoald be etiributed to 
pttrtiftl loiftee of the oardlneafy ftilver overleyjf 3^t iticrcs* 
•coplc exftftdnfttion of the files both hefoee mm after 
oentrifugfttlea ftppe«red to rule mt thii potslblUty, this 
change epparently euftt be due to thft effect of th« cejitrl- 
fufiftl field on diffiifti^m. 
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Of th* of diffusion weoncmlMMft 

cofwldorod. It Biiouie 1« «ot«a that dlffualan by th» 
thir* ■©chantfiit would b9 the foa^oaost factor iu pr-o- 
duolns ctny notlowablw wffeot of the o«nta*lfu(K;6l flold« 

For tl» firet wchanlaai (intorstiolaX dlffueioti) th« 
porturtatloh applied to tht motivation energy would be 
liegligibly s»Kll because the oerttrirugal force^ large 
c« It is, is still In coinparison with the inter* 

•toislo forces. For tho second weoMnise (tl>« easchange 
of position by two »%om) tho differetaae in the mu9 
betwe«% the radioisotopic silver mud tiio ox*dih 2 iry silver 
It npproKliaetely two pez^ent. Tlvos, essentielljf the 
sfuwe pertuxiMitloj} would be applied to both types of stoM. 
However, for Urn third weohanlsm (the ejcchange of an 
atofi with c vaccncy) the difference between the isasses 
of tl)t two exohmuiglng particles, the atsm and vacancies, 
is at its Mutieual and If the centrifugal field is to have 
any of feet upofi tterat^ or diffusion, it should be aoet 
spperent w3.tii this MChardse. Considering the rolatlvely 
short tlm in lAdoh tl‘Wi ooimtlng rate becaoo evident, it 
ifould appear that t4w2 oelf-diffusioh of silver is sceo^plish* 
ed by the exchange of position of m utcii and a vacancy. 

The ponslbiXlty of ordlnnr;' aediaent&tion in tee 
latter two eaies, each of which have a aass differeme. 
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tttould lMi eocwidtexwd. trivi dlfrer«nQ« or Urn mtm» 
of ttw partlold* oxahftr^ing poftltloas i» two atoiilo 
Mfttt unit! fox* %tm fwaotid mtoltiinlSMi end cm ten tor 

tti» third Ntahenifii* Therefore, the eeOiiieotetion ret# of 
the third Meoheniee woiad be expected to he 53 tiwii 
tbet of the eeooed. mii, et *?jy tljee, t, one would 
expect that 55/56 of tise total effect of au^ eedin&ntttiOR 
would have reeulted froe the thii*d aechanliH* 

Figure* « and 3 repreaent a plot of the e<iuatiooe 
developed In the The<»^ Section for tlie elianse in ccKutt* 
ing rate vereua tlao for several arbitrarily^ chosen diffue- 
lon cofiitanta. The «*|}«niieiital data pointa ore super- 
tapoeed* It can he seen in Piipsre £ that the curve* 
plotted f or P s 6 X 10*^^ and p 5 ? x 10*^^ fit the poiate 
the beet. In Figure 3 it can ha aetn^that the curvea 
correaptmding to p equal* 6 or 7 x 10*“^^ fit the ex- 
perimental point* he«t* From the** two teparato aoadltlon% 
rotor speeds of £00,0^ and too, 000 revolutl^s par eecoiKl, 
the diffusion e^wuitant is found to he In tlie n*ighhorhood 
of 6 to 7 X 10*^^ contleiter* squared per aeoond. Upon 
la»ertlng vslue of the teaperature xalntalne-l during 
thi* Investigation, seventy-two degree* Centigracie, in the 
expression ehtatned by Tumfeull and noffaian^^ for the grain 
boundary »elf-diffu»iwi constant of silver et tei^mtures 
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«13 

around four toftodr<ad aagrata a valtM of 7 x 10 

oantlMattr* aqa^arad par aacond la obtalnad* 

Kowtvar^ axaalnation of tna curvaa of Figure 
3 and k ahow tliat thara la a Oaf Inlta dlffaranoa in rata 
of eJianga of al<^ batwaan tlw aurvaa and ol>talnad 
data. Thara la naad for a «ora cca^rmimoMi^ thaor?« 
ahich inoludaa additional eiMidltiona auch aa tha dlffar- 
anoa in tha vacanoj Higration rata toifard tha eantar of tiia 
rotor and tha vaoano; fosmtlon x«ta In tha grain bound** 
arlaa« to fulljr as^lain tha data. 
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CENTRIFUGE SUPPORT CIRCUIT 
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DRIVE CIRCUIT POWER SUPPLY FIGURE 11 
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AfPENDIX I 

TABUI I 



Absorption g«tt> 



Hotor T 
ito 






“o 


o 


“c 


"A 


1 


0«46 


U,896 


10,230 


11,460 


10,201 


11.530 


0.970 


II 


0.46 


9*730 


10,340 


9,600 


10,308 


9.630 


0.988 


XXX 


0.92 


11.023 


10,211 


10,563 


10,189 


10,580 


0*961 


XV 


0o92 


10«309 


10,318 


9.916 


10,365 


9.870 


0.958 


▼ 


1.38 


10.621 


10,251 


9,950 


10,215 


9.980 


0.939 


VI 


1.38 


11,223 


10,103 


10,524 


10,162 


10,430 


0.931 


VII 


1.84 


12,218 


10,415 


11.326 


10,530 


11,180 


0.915 


VIII 


1.84 


11,986 


9.981 


10,977 


9.901 


11,030 


0.921 



X Nuabsr of counts por t»o Klmitot with rotor pitted «fith 

0,55 X o« of ordinary tllvor and 0»*>5 x 10**^ em of 
radioactlv* alXvar. 

$. X Muibar of counts psrv two ainutsi of standard rotor ss 
^ taken isnsdlstaly following tbs counting of ths tost 
rotor »lth llj oount.. 

H- s Kuaber of counts psr two slmitss with rotor platsd with 
overlay in addition to ths above two Isyers. 

S S Musbtr of counts per two wli:»jttes of standard rotor ss 
® taken isNediately following the counting of the test 
rotor with Jf^ counts 

■o = Ho (Si/s^) 

¥ « IMStness of overlay in units of 10** centleeters* 
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•SAMiX 11 
TAmcmrAtixp* 

A« Cftllbs^tiOR cMT t'tmpil Sticks In vsc<«%hk; 



Msltlas ^XcN^i^tu£«(» KsXtlrm; TSMpsraturw ih 

VseuuM 



65 . 6 ® c* 




63*2 • 


65,8® C, 


7?*4® C. 




73.8 - 


76.5® C, 


93 . 3 ® c. 




93.5 • 


98.0® C. 


B* Dsts on 9iot&r !S«i|Hirstux*s« wbsn rotor was suspsndsd on 


m vory tins 


fiber In vacuum t 
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BstSO MSltlt^ 
*9Dsspsr».tiir« of 
tsnpil Stick 


Sustaining 

mvs 


Sustslninc 
l^rlvs and 
LiSht 


3^i Drivs 
and Light 


51 . 7 * c. 


nsltsO 


did not melt 


did not nalt 


SS.6® C. 


did not MSit 


■sited 


■altsd 


79.»® C. 


did not MSlt 


did not mlt 


did not MSit 


93.3® C. 


did net aisXt 


did not nsit 


did not asit 
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Plf fusion l>»t> >t gOQjOOO rtvolutlont pw —oonia fttva 72^ C« 



xispssd 

7lMS 

(llours) 


Ky 


■r.g^fcyy.’!! 

«s 


*rc 




Percent 

Chsncs 


0.0 


5061 


5486 








lA 


519^ 


5440 


5230 


1.032 


3.2 


6.4 


4595 


4606 


5240 


1.035 


3.5 


0.0 


4537 


4991 


«•««>«»«* 


mtammtmm 




i*o 


4514 


4792 


4655 


i.034 


3.4 


5.6 


4565 


4820 


4730 


1.042 


4.2 


10.3 


4953 


5332 


4648 


1.02T 


2.7 


14.6 


4946 


5156 


4780 


X.O52 


5.2 


0.0 


10966 


4551 


. — 


-*•«- 


mmmm 


0.9 


12195 


4934 


11260 


1.024 


2.4 



Uj^ • Counts of tsst rotor p«r alniJiiaR t»K» siinutss 
Jig s Counts of standftrti rotor psr two ninutss 

*ro m Adi;^8t#a counts of rotor ptr two stlnutssj squsIs 
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"ibt »i8ps«ii''His of 

^Ti * % hours# 
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Plf fusion at 40 QjQ 00 mvolutlona ytiv twoooia eru3; 78° C. 



IXspsed 
TiMt H 

(Hours) 


., .,"v. 


* 4. sgi e v'oAMk 




f fa. w • 

rercent 


0*0 


12,3X4 


5032 








l.S 


12,6X3 


5046 


12,600 


1.022 


2.2 


0,0 


11.723 


5380 








1.7 


11,614 


5185 


12,070 


1.029 


2.9 


0,0 


10,063 


5319 






4Mr..iNr^ («»«* 


2.6 


10,289 


5263 


10,4X0 


1.033 


3.3 


0.0 


9,<^0 


5133 


»e 4.1 






3.T 


9.327 


5112 


9.36^0 


1.030 


3.0 


0.0 


10,299 


5052 


Sideses 




e»«e«»«ire»«i 


5.7 


10,560 


5034 


10,500 


X.025 


2.5 


9.3 


10,612 


5069 


10,590 


1.029 


2.9 
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Hj. s C 0 untii oT t«st rotor p«r two i^nutts 
Kg s Counts of tt«n4&rc3 rotor p«r two idnutao 

*rc * AdjustoO counts o* test rotor per two mlmxtea 

#<}ueXo ^ ttao <1*0 hta} 

Xlg at' eiapse^'iins of iij.) 
*rt * *r •t tiJM 0*0 hours 
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AFi’jSKDIX; IX 
CAi.-;’JlATlOXS 

A. Absorption Cosfriolont 



a 2 0.55 ;e 10-^ c«. 

1 2 Utlcknsss or ovorXa^ 



{pa. £ ' 

All counts *r« Measured a crystal locatad at aom point 

* > a / 1. 

or count* Mtth an overlap of tblokiieaSj^ X ) 

- "X (.i-ta-y.) 






L 



a. 



cy^ ~ 



___ 



M. (No* or count* without an overl*j^« X • 0}< 
-- 



K - 



/- if-'*?- 



Azpanding th* power* of • in *erl*a> 

_ 






Solving tor J L ^ ^ A 

» 
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^ = ~ 2 l ^ - 





3£ 


X 


0.46 X 10*^ CM* 


0.970 


4.57 X 10^ c«*^ 


0.92 X 10*^ a*. 


0.959 


4.46 X 10^ 


X.38 X 10*^ CM. 


0.935 


4.72 X 10^ c»*^ 


1.84 X lO"^ CM. 


0.9X8 


4.52 * 10^ ewT^ 



7^ A 



4.57 * XO® c«“^ Aaa 
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V* •*,<.* 



C«leuUtlon 9f th* o&MrvatoU ehsne« In th* 

eoontlng ralMi aft«r &^<.kllXbrXvM Ijak l*«*n r«*ebt4 bjr 



Uimrml diffuiilen. 

Tht nuKbar or ooimts p«r unit tiMi boicot dirrusion 9t&rtm In 



"T 




^ >- e 

iZ^ - 



nui3b«i7 o£ counts p«r unit tiiio after equlllbriuB Imis 
been iss 




The ratio# Mi'ilGh Is ttxs aaxlnuB observabls 



after a verjr period of tiae is: 



A^/ f 
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= C>.yy /c~ 
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C. DcterKlnfttlon of an affactlv* %im to coapsnoeta for t2%t 
affaot of va)Plabl« fiaXcia on 4irfuclon <tuarins tha acoaXasm* 
tlon and iXacaXaration parioda. 

tba acoalaratlon and daoaXaratlon jrtMainad eonatant durlns 
raapaotiva parioda* 




AooaXaratlont ^'= 

Conatant Spaad: 

X^,“ X| ® c, ~ C f'i, 

iJacalaratlon* ^ 

-tt J 

X5" Xi- 

TotaX diatanoa aovad during tna antira tia« lat 

Tbia eami dlatanoe aovad would have bean obtained bjr 
oparatlnfi at « oonatant apaad for an affactiva tiiae^ 
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D, Solution of ^lek*» dn« alaosuilon*! •<4U«tlon» for tJfto 
oonoontrmtlon of roolol&otopo &• & function of tliio 
and ap«o«. 




-> 3 T 



t - ^ 



c)eux) _ O __pr cJec:s:,i) 
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To aoparat# tito varlaOloa, lot (SC^,tj = (^) ( 1 ) 

Sottitui bot^i 0ld«a oquol to a oonastant, 

7' ^ ^ cir ^ obtalnod* 

'JS’it solutloa of tho left tmnci tldo la: T^- c~ ^ ^ (£) 

Tna solution of %im right hand aldo It obtained as folXoue: 

j. 2 ^ 



^ - o 









^ / X =r 2.U ( / ) 






By Icttlnc ^ - Z 
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(f ' 






yclng tlM cofkiltlofi that d(\,t)- ^ ^ ^ k- > for ail 

tlMis, ti i^t = O thereby? deteminlng <^?3 • 

^ it foimd b;r tolling (3) 
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«f<4»i m' e 4V<^ Mi 
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^ •' ft 

% » t' * ••t ** • 

i:j7s^% l»i A ^ >4 • <ii. 
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Ui ^ jl 1 1| (b I ^ *•• 
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lU 



P-. V. 



•\ 




A * I 




•quttiion for tiM» dlffuslcxi eurreat iat 

(J 

Bjf lUilnfi fcht condition that J-- o nt “ = <? for all tliMi» 
anfi aubatltutiiqt tha j5ro<auct of (2) anti (3) for (1) tn (4}i 

O - ) ( i-t-o) — (at) C/ ) (c() Lo- ^ ^ 



la obtalnati wntah raaulta in an inflnlto n««b«r of 
^ ifith a eorswaponcilrjs Inf Inifcs nttKiHir of ^ U, * 

Thua ^ ^ ^ X ) 

and tha consentratlon bacowau 

C 0,t) * ^ ^ ^ xj) 

Valuation of tha comtmt^ dL: ; 

Lat ‘ -- ^ 

Than at o 



C(^,'>) 






oQ 






(Tx; 



/ 



Jlaltlplylt^ both aidaa of (7) b^_^YK;and Intagrating ovar .**4^ 

ylaXdat/-'^ ^ 

/ C*,o)^ oCx: - j 2- e>^ 

'o <f z^' ^'i:/ ^ 

fha right hand alda of (8) raduoao toi 

/O ^ C / -y- X #* •»• /P 

■' f-yya;*- 

If all of tha radioactlva atoaca art looatad at tha diatanca^^ 

*• (? SC%~a,) 

to aatlaf>’ tha condition 

r ^ i 

I " 7 " SCx-^) diy.) = / 
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Upon uiiJbttitvLtlon, th« Itft iuuifl sl<JUi of (S) lH»coa»a: 

- ife If . 



Slnoo values c«n be obtalnetl only t^n x - c? 

-3^ / f /'v 

rsiiuess tot 

whieh upon Integration becowiet 

j £ 

MoQ^lnXtm both parts of the equation (6), ns obtain: 



, the cxpreaelon 



Xtt 



J. 






- 






J 



- X 



5 



9^at.y<U 



whlohj 9Va/&9^' Must equals* to obtain a value for the right 
hana ti(Se« yields the values for c^* 



S' OL ^ 



Substituting (9) Into (6)« the equation for tiui concentration 
beconeai ^ 









>‘J 



(m 



and (t) for S O , t- beooatat 

> -f / , /,/\ 

!• Transportation of the eolutlons to the Flok c«ie diieenalonel 
equations froe concentration to counting rates* 

<it any tlae« %, the aaount of radioactive silver diffused to 
tiie outer surface^^ 'x^/ 1st 



f I •>(■', f)^-^ f- f/Zc, 






SutHitltutlCHi Of (11) for T ( I, t') roaulte Im 



s /- o< C- 






~ ^^JL. 


















idy^ ) 



whi«in j«auc«a tos 

^ t±L/^ 

- I- eA e ^ e /7^4/<.A‘ei‘V.^ 

' / / 




('z- 



(i3) 



If «ft aoneldor tho coyntlnig r-ato for ttio pertiolef at Um 
I nnar fae«« x = ^ to &• OiOfi« than as^ laovasant towaiMe t^ 4 » 
outer faee laould result In an inoreaae bjr £* or e 
wiaere ^ = 'X ^ ai^a ^ j,» the abaorption ooefflolent 

calculated In part A of this appendlai. Therefore tiie counting 
rate observed at a tins ^ as tiie result of the atowa diffusing 
to the free surface* x - / Is: 



'['- 









X 









-yc J 



U^) 



Let ue nee consider the change In the counting rate resulting 



fro« the a toss distributed eithln the files 

t)^ ^ 3 T g 



^ ^ ^ ■X’ y.z'*' 



<s«> 



/ y- a A / 4* 






fSultlpljrlng (1^) by and lnt<HS!^tlng over froa 0 to 1* 

we Obtalg^- , ^ ^ 

^ ^yo- %) cU 

which is Of the forw: 



* ' 



' ’ r ^ 

O-y) ZA ^ ^ ~yzt' 



57 



counting r«t« at tlMi« reaaXtlng from tlM» atoaa <ila- 



fcrlbute<J in tli* f II mi, 1st 

. »- \ 

' v«y 



^€L 

e 






(•""•I 









[pc P‘ - Pi c^p^J 

Tlaa total eounting rata at tlmg t, la tha fiai of (Xt) and (16). 
this it ttiia counting rata i«i;an atarting wit^ m Initial dalta 
function distribution* 

Slnea tlia probla« witn this a^q^arinant starts 

mith a ralativalj^ tiilok f iX«» <3, <i x <. oontainlng tna radio* 
laatoi>a« it is naoassar^ to davalop a corraotlon to eoMpansata 
far this initial distribution. 



X ^ Pi u ^ (0*?c- “ L A ^ f ‘ - A <>• ft C • -«-. )J 

- , ; R. ‘ '■ *■'■“* ) 

U «0 ^ I 

lustting this axprsteion b9 Oasignatad by &(,h.’Pit •^t) and intrcxs*' 

uoing this into aquations (It) and (16} for ttia eorraeticK'^ ri*ost 
tha dalta function dlstritution m obtain for counting rota 
a tisa, i 
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JL 
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i e-f‘^ 









O’ C Pc * 
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^ i. \ [ 
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Pi - Pi 
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F. Derivation for the expreeelon of the counting rate at tlm» jt-c, 
for the gconetr^' of the files, and assualng that the counting 
rate for the radioisotope at t ~o it one • 



o a, a,. i 

The nuKher of counts before diffusion starts Is: 




/«- ( ) 
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A ^ 




AP 24 63 



113 12 
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CTllfx:!'; 

C71 



Tliesis 33150 

C71 Connelly 

Effect of very high 
centrifugal fields on the 
rate of self -diffusion of 
polycrystalline silver. 
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Connelly 

Effect of very high 
centrifugal fields on the rate 
of self -diffusion of poly- 
crystalline silver. 



